The crystal structure of 1-(1H-pyrazol-4-yl)ethanone (commonly known as 4-acetylpyrazole; C 5 H 6 N 2 O) was determined from single-crystal X-ray data at 173 K: monoclinic, space group P2 1 /n (no. 14), a = 3.865(1), b = 5.155(1), c = 26.105(8) Å, β = 91.13(1) • , V = 520.0(2) Å 3 and Z = 4. The adjacent molecules assemble into a wave-like ribbon structure in the solid state, linked by strong intermolecular N-H···N hydrogen bonds between the pyrazole rings and a weak C-H···O=C hydrogen bond involving the carbonyl group. The ribbons are stacked in the solid state via weak π interactions between the pyrazole rings.
Introduction
"Standard" molecules are often used in the literature for studying the influence of hydrogen bonds in the solid state. The parent pyrazole is such a compound, which forms N-H···N hydrogen bonds to build up supramolecular assemblies. An N-H···N proton is often crystallographically disordered or even found to be shared between the nitrogen atoms. When the pyrazole derivatives have substituents at positions 3, 4 and 5 with additional donor atoms, they can form additional bridging interactions in the solid state and coordinate in several ways. An example of this can be seen in the structure of 3-amino-4-acetyl-5-methylpyrazole [1] .
Results and Discussion
We report here the crystal structure of 4-acetylpyrazole (1), one of the simplest representatives of a substituted pyrazole with an additional donor atom, first mentioned by Wijnberger and Habraken in 1969 [2] .
Compound 1 appears in nature in traces as a sideproduct in roasted sesame seed oil [3, 4] or roasted chicory root [5] , which can be used as a substitute for coffee and as a tobacco flavor ingredient [6] . Compound 1 can also be found in small amounts in dried red pepper [7] . During the typical La Vera drying process [8] of red pepper, the amount of compound 1 by weight can be increased over time. During the fermentation process of sausages compound 1 is also formed in small amounts as a decomposition product of fatty acids and the Strecker products of amino acids [9, 10] .
We prepared 4-acetylpyrazole (1) according to the procedure by Birkofer and Franz [11] via the reaction of 4-trimethylsilyl-but-3-yn-2-one [12] and diazomethane. After neutralization with caustic soda during the work-up procedure, extraction and removal of the solvent we obtained a colorless precipitate, which was recrystallized from chloroform. Analytical data ( 1 H NMR, IR (CHCl 3 ), EA, MS [13] , and melting point [14] ) were in accordance with those found in the literature [11, 15] .
Suitable single crystals for X-ray diffraction studies were grown from a saturated chloroform solution by slow evaporation of the solvent at room temperature. A view of the low-temperature (173 K) molecular structure of compound 1 is given in Fig. 1 ometric and structural parameters are listed in Tables 1  and 2 . In order to gain deeper insight into the bonding in 1, quantum-chemical calculations at density functional (RI-BP86(D)) as well as ab-initio level of sophistication (RI-MP2(fc)-SCS) were performed with the TUR-BOMOLE 6.2 set of program systems [17] . Basis sets of triple-zeta quality with one (TZVP) or two sets of polarization functions (TZVPP) were utilized, in order to account for the (relatively) weak hydrogen bonding in these systems. More computational details are given in the Experimental Section of this publication. 
The structure of monomeric 1 was studied initially. The bond lengths computed using different levels of sophistication are summarized in Fig. 2 . Throughout these studies, similar bond lengths for monomeric 1 were found. The DFT calculations (RI-BP86(D)/TZVP) show only small variations in bond lengths and bond angles when compared to the more sophisticated ab initio calculations (RI-MP2(fc)-SCS/TZVPP), and compare well with experimental values. The deviations might be the result of the strong intermolecular interactions in the solid phase compared to the single molecule in the gas phase. The experimentally determined bond lengths and angles in the solid-state structure are in good agreement with other solid-state structures of pyrazole derivatives (Table 3) . As in the experimental crystal structure the calculated one is dominated by two strong intermolecular N-H···N hydrogen bond interactions (see Table 2 ), forming a ribbon arrangement. The intermolecular hydrogen-nitrogen distance (2.01(2) Å) is within the normal range (2.02(5) Å) [18, 19] . The twisted structure is linked by another very weak hydrogen interaction (2.55(2) Å) of the methyl group from one molecule with the oxygen of the carbonyl group to form a one-dimensional framework. This simple dimensionality may be a result of the very strong N-H···N bond formation for dimers and the lack of presence of other atoms for the formation of hydrogen bonding.
As is shown in Fig. 3 , these hydrogen bonds combine to assemble an infinite wave-like ribbon structure running parallel to the crystallographic b axis. The stacking of the different ribbons in the solid state results from very weak interactions between the π systems of the heterocycles, resulting inter alia in an interaction (3.387(2) Å) between C2 in one ribbon and C3 in the next one (see Table 2 ). Adjacent individual ribbons, and hence the stacks of these ribbons, are orientated in the solid state by a 180 • rotation with respect to each other with no significant hydrogen-bonding interactions in between.
In order to mimic the bonding in the crystal we optimized a layer framework of six molecules, connected via π stacking (RI-BP86(D)/TZVP level). The averaged calculated torsion angle O1-C4-C2-C1 is 0.35 • , as compared with 0.2(2) • observed in the experiment. Thus theory and experiment are in accord with each other.
As we had used the experimental geometry of 1 and its observed conformation as the starting point of the DFT calculations, we were also interested in studying the other possible conformer, in which the acetyl group is rotated by 180 • , and the C=O unit points towards the NH group of the pyrazole ring. Compound 1a has a 0.69 kcal/mol lower energy minimum than compound 1 (Table 4) .
In a second step we probed also a hexamer of 1 by DFT calculations using the RI-B86(D)(/TZVP) computational level. In this framework the experimental bond lengths and bond angles are in better agreement with the experimental solid-state structure, compared Table 1 ). The intermolecular distances between the molecules, shown in Table 2 in brackets, are also in relatively good agreement with the solid-state structure for such a calculated small unit.
Experimental Section

Synthesis
Compound 1 was prepared with an overall yield of 93 % analogous to the procedure reported by Birkofer and Franz [11] . M. Single-crystal X-ray structure determination of compound 1
Suitable single crystals for the X-ray diffraction study were grown from chloroform. Crystal data and details of the structure determination are presented in Table 5 .
The crystal was fixed on the top of a glass fiber with perfluorinated ether and transferred into a Lindemann capillary for data collection. The intensity data were corrected for Lorentz, polarization effects and a decay of 3.3 %.The structure was solved by a combination of Direct Methods and difference Fourier syntheses [23] . All non-hydrogen atoms were refined with anisotropic displacement parameters. All hydrogen atoms were found in the final difference Fourier maps and allowed to refine freely with isotropic displacement parameters. Full-matrix least-squares refinements with 97 parameters were carried out by minimizing Σw(F 2 o − F 2 c ) 2 with the SHELXL-97 [24 -26] weighting scheme and stopped at a shift over error ratio of < 0.001.
CCDC 992137 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
Calculations
All calculations were performed with the TURBOMOLE program systems in the version 6.2 [17] . The resolution of the identity (RI) based on the BP86 functional [27, 28] was used in combination with the TZVP basis set (TZV basis set of triple-ξ quality plus one set of p functions at the hydrogens plus one set of d functions for all other atoms) [29] . Alternatively the more flexible TZVPP basis contains two sets of polarization functions. The density functional calculations were at times corrected for dispersion interactions (D) utilizing the Grimme approach [30] .
